Abstract: School environments are a complex entirety where various different exposure factors are related that contribute to the indoor air quality (IAQ) and may affect occupants' health and well-being. Indoor air questionnaires are useful for collecting information about the occupants' experiences and perceptions of the indoor air and for evaluating the results of the measures taken. A common way to implement health questionnaires is to ask the respondents to describe symptoms at certain time points, such as weeks or months. The aim of our study was to develop a short and easy online questionnaire to assess symptoms and perceived IAQ. We also aimed to test the usability of the questionnaire in school buildings and assess the differences between the online measurement data (CO 2 , T, and RH) and the IAQ complaints and symptoms reported by the pupils. A total of 105 teachers and 1268 pupils in 36 classrooms at six schools answered the questionnaires over a two-week period. The participants completed the questionnaire always after the lesson in the studied classroom. We received 719 answers from the teachers and 6322 answers from the pupils. The results demonstrated that the teachers reported more IAQ problems and symptoms than the pupils did. Differences between classrooms were observed in both the IAQ problem and reference schools. The most common significant differences (p-value > 0.05) between the classrooms were among humidity, too cold air, and stuffy air, and among symptoms, dry/sore throat, tiredness, headache, and skin symptoms. Maximum values of CO 2 measurements and the highest prevalence of stuffy air were relatively consistent. The testing process demonstrated that such a questionnaire was suitable for adults and children aged at least 12 years. The results of our study suggest that a quick and easy online questionnaire that is completed within a short period may be useful for gathering valuable knowledge about perceived IAQ. It could be used in combination with other indoor environment investigations to produce detailed results and restorative measures.
Introduction
Indoor air quality (IAQ) problems are relatively common in school buildings around the world [1] [2] [3] [4] [5] . For example, one-half of U.S schools have IAQ problems [6] , and in Finland, 75−85% of occupants in school buildings have reported some kind of IAQ problems [7, 8] . Poor IAQ can cause health and comfort problems [9] [10] [11] [12] [13] [14] [15] [16] [17] and reduce learning performance [1, 14, 18, 19] , attendance [9, 14] , are suitable tools for investigating indoor air problems [54, 55, 57] . Previous research has shown that the results of subjective questionnaires correlate well with clinical and other health outcomes [60] .
There is a need to develop an easy and quick online questionnaire to obtain real-time reports about the perceived IAQ and occupants' symptoms, and link this information to the measured IAQ. In the present study, we aimed to (1) develop and test a new online questionnaire in a real school environment, (2) assess the usefulness and practicality of such an approach, (3) assess the differences between the measurement data (CO 2 , T, and RH) and the reported IAQ complaints and symptoms among pupils.
Experiments
This study is part of Indoor Air Police project (funded by Business Finland, grant number 4098/31/2015); detailed information of the project can be found in previously published papers [61, 62] . In this study, we developed a short and relatively simple online questionnaire that could be used to report real-time indoor environment conditions, such as the perceived IAQ in a designated classroom during a specific hour. Based on this specific information, potential IAQ problems could be located, and the correlation between occurring discomfort and time and/or place could be determined precisely. In systematic usage, this questionnaire could provide information quickly to the building owner and expedite possible required actions. Questions and options were selected based on previous questionnaires on IAQ and symptoms, e.g., Örebro MM-60 and MM-80 [53] . The questionnaire was administered at schools during the field measurements, to both teachers and pupils separately. The questionnaire included sections on respiratory and other symptoms and perceived IAQ, and those were asked every time. The answering options for those were "no", "little" and "a lot of". The selection of options "little" and "a lot of" were categorized as "yes". In addition, the question about "do the symptoms decrease when you are not at school" was asked every time. Questions on age, gender, perceived health, allergic diseases, respiratory illnesses during the last two weeks, pets, moisture damage at home, size of the family, type of accommodation, and smoking were asked only the first time. The questionnaires for teachers and pupils were not very different, except that the questions on time spent during schooldays in their own classroom were only asked to the teachers. The perceived health was assessed through the question "How is your health condition at this moment", and the answering options were "excellent", "good", "rather good", "rather bad", and "bad". Filling the questionnaire took a few minutes. The questionnaire is available in the supplementary material (Supplement S1).
The teachers and pupils received a link to the questionnaires via email or through the official school communication network program called "Wilma", in order to test the suitability of the implementation. Participants were required to fill the form after every lesson in the studied classroom over a two-week period using smartphones or computers. In case of technical problems, the schools were also provided with paper versions of the questionnaires. All of the parents were informed of the study, and they had the choice to disallow their child's participation in the study. Participation was voluntary, and participants were able to discontinue at any time.
Such an approach gave us several alternatives to explore the relationship between the measured and perceived IAQ. The retrospective time of our questionnaires was one hour, the fieldwork duration was two weeks (from Monday to Friday), and the same occupants provided several answers, depending on how many lessons they had in the study classrooms. Thus, we were able to get several answers from the same pupils and teachers from different locations at different times. We were thus able to assess the differences between location, perceived IAQ factors, and possible symptoms. We could also observe in parallel measurement and perceived data on an hourly basis, which enabled the very accurate inspection of potential deviations.
Seasonal factors can affect occupants' perceptions [63] . In this study, the questionnaires were conducted between October 2016 and March 2017, which is during the cold winter season. Therefore, seasonal variations between schools are minor, and the outdoor conditions can be considered comparable in each questionnaire.
The fieldwork was conducted in six secondary schools with (four schools) and without (two schools) reported IAQ problems between October 2016 and March 2017. The schools were located in the metropolitan area of Helsinki in southern Finland. Therefore, the schools were located in an urban area. However, they were not located in the city center, near crowded streets, or close to heavy traffic. All of the schools had mechanical supply and extract ventilation systems. The pupils were in the fifth to ninth grades (age range, approximately 11 to 15 years) and primarily in the seventh to ninth grades. From each school, we assessed six classrooms, so altogether, 36 classrooms were investigated in the study. The principals of the selected schools and the main indoor air worker specialists of the city were asked to select the classrooms so that they represented the IAQ situation of the each school as accurately as possible. Selection criteria was as follows: normal classroom (no extra emissions such as chemistry classroom), teaching hours as much as possible and preferably only classrooms with seventh to ninth-grade pupils. In addition, the principals named one classroom that had the worst conditions or had the most indoor air problems. Information about the school buildings is presented in Table 1 . CO 2 , T, and RH measurements were conducted in every one of the 36 classrooms during the two-weeks fieldwork period using Rotronic CL 11 devices. The device performed measurements every 10 min for the entire two weeks, and the device was placed on the teachers' table in the front of the classroom. The accuracy of the Rotronic CL 11 devices for each parameter is as follows: T ± 0.3 • C, RH ± 3% (10% . . . 95%), and CO 2 ± 30 ppm, +5% of reading. In one school, two classrooms faced technical problems, wherein the measurement was performed only for one day in one classroom and three days in the other classroom. All of the measurements were performed for the same time using the questionnaire. For the analysis, we classified the results according the Finnish Classification of Indoor Environment and Material Emission [64] , which is a national classification in Finland to estimate IAQ. Classification is based on three classes: S1 (best possible), S2 (good IAQ), and S3 (minimum requirements of Finnish regulations). The threshold values of the Finnish Classification of Indoor Environment and Material Emission are presented in Table 2 . In addition, in the most problematic classrooms (based on the most frequently reported IAQ problems), several other IAQ measurements (humidity, temperature, carbon dioxide, TVOC, ozone, arsine, ammonia, hydrogen sulfide, formaldehyde, particulate matter, dustiness, noise, and lightness) were carried out. The results of these will be published in a separate paper (manuscript under preparation).
For the analyses, we used cross-tabulations, Pearson χ 2 -test, and Fisher's exact test. Analyses were performed by using the procedure in SPSS-25.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Results

Basic Information
From all six studied schools, 105 teachers and 1268 pupils answered the questionnaire. We received 719 answers from the teachers and 6322 answers from the pupils over two weeks. Pupils' answers from schools varied between 235 and 1478 and between 49 and 213 for teachers. We noticed that pupils under 12 years old had difficulties in filling out the online questionnaire within a few minutes. The most common problem among both teachers and pupils was that internet connections were unstable, and we therefore also received filled-out paper questionnaires (20%). Some pupils' answers were inappropriate, and were removed from the final data (less than 5% of the total).
Of the total, 24.8% of the teachers and 50.5% of the pupils were men. The teachers' and the pupils' median ages were 42 years and 14 years, respectively. The most common allergic disease was allergic rhinitis, and the most common respiratory illnesses during the two weeks prior were flu for both teachers and pupils. Among the teachers and pupils, 26.7% and 51.2% had pets, respectively. Among the teachers and pupils, 61.9% and 76.8% respectively reported that their perceived health is good or excellent. The proportion of the responses received and the background information are presented in Table 3 . Associations among allergic diseases, respiratory illnesses, and perceived health in the schools with indoor air quality (IAQ) problems and reference schools demonstrated that teachers reported more allergic disease in schools with IAQ problems than in the reference schools, and the difference between atopy were significant (p-value 0.010). However, respiratory illnesses were more common in the reference schools. In addition, the perceived health was better among teachers in the reference schools. Among the pupils, those differences were more obvious, and pupils of schools with IAQ problems reported more allergic diseases, respiratory illnesses, and worse perceived health. Differences were significant among asthma (p-value 0.030), respiratory illnesses during the last two weeks and flu (p-value <0.001), and perceived health (p-value 0.03). The results are presented in Supplement Table S1 .
Symptoms and Perceived IAQ between Reference and IAQ Problem Schools
Teachers reported poorer IAQ and different symptoms during the last hour than pupils. In addition, occupants of schools with IAQ problems reported poorer IAQ and more symptoms. Differences were significant among teachers with both poor IAQ and symptoms during the last hour, and among pupils with symptoms during the last hour (p-values < 0.001). Both teachers and pupils mostly reported dry air and stuffy air, and teachers also reported dustiness and pupils reported cold air. Among the teachers, differences in the poor IAQ factors were more obvious than in the pupils, and dry air, very cold air, draftiness, stuffy air, and dustiness were significantly elevated among teachers in schools with IAQ problems. However, very warm air was significantly elevated in reference schools among both pupils and teachers. Most of the symptoms during the last hour were significantly elevated in schools with IAQ problems among both teachers and pupils. Most reported symptoms were sore throat, hoarseness, headache, eye symptoms, and stuffiness. Pupils reported also tiredness. Pupils reported more commonly that symptoms decrease when not at school, as compared to teachers; however, there were no significant differences between IAQ problems and reference schools. These results are presented in Supplement Table S2 .
Symptoms and Perceived IAQ between Six Study Schools
The results between the six schools indicate that two schools (schools 5 and 6) in particular had IAQ problems unlike the other schools, when observing different IAQ factors among teachers. Furthermore, teachers from the school with IAQ problems (school 2) reported very different symptoms during the last hour (Supplement Table S3 ). The same trend was seen among pupils but not so clearly; however, all of the differences were significant (Supplement Table S4 ). In schools with a high prevalence of IAQ factors and symptoms (school 6), atopy among teachers and allergic eye inflammation among pupils were significantly elevated. In addition, in another school (school 5 and school 3 (results not shown)) with a high prevalence of IAQ factors, flu was significantly reported among pupils.
Measurement Data
The measurement data CO 2 , T, and RH were counted from school days and classified according the Finnish Classification of Indoor Environment and Material Emission S1, S2, and S3. In IAQ problem schools, the maximum measurement value of CO 2 was 1164 ppm, while in reference schools, it was 1623 ppm. In both IAQ problem and reference schools, approximately half of the classrooms were in classification S3 when observing CO 2 measurements. In addition, 41.7% of the reference school's classroom exhibited worse than S3 classification values. In IAQ problem schools, the second largest group was the S2 classification (37.5%).
In IAQ problem schools, the maximum temperature was 29.9 • C, and in reference schools, the maximum temperature was 26.2 • C, yet the averages were higher in the reference schools. In reference schools, 58% of the classrooms were in classification S3 or >S3, while in the IAQ problem school, the S1 classification was the largest (45.8%). The RH measurements indicated that indoor air is very dry, and the results were similar in both IAQ problem and reference schools.
Symptoms and Perceived IAQ between Classrooms in Each Study Schools
The results of the questionnaire demonstrated that there were many significant differences between the classrooms in both IAQ problem and reference schools. Humidity, very cold air, and stuffy air were most commonly reported significant issues between classrooms. However, the results between measurements and reported data were not entirely consistent. In four schools, the maximum CO 2 levels were observed in the same classroom, where the prevalence of stuffy air was high. Regarding the temperature, the measurement data agreed with the questionnaire data, but not so obviously. Inconsistencies were also observed in many cases. In addition, when the range between the maximum and minimum values of the temperature was high, the prevalence of draught was also higher in a few schools. There was no consistency between the RH measurements and questionnaire data with respect to dry or humid air.
The most commonly significant differences between classrooms among symptoms were dry/sore throat, tiredness, headache, and skin symptoms. The symptom prevalence was quite distinct between the different classrooms, since only in one IAQ problem school, almost all of the symptoms clearly increased in one classroom (school 5). Overall, there was no obvious similarity between the elevated reported IAQ quality factors and elevated reported symptoms in the classroom. Only in school 6 did the results demonstrate that both symptoms and IAQ factors were elevated in one classroom. More obvious was that IAQ factors were clustered in one or two classrooms, but the symptoms were steadily distributed, except for school 5, in which almost all of the symptoms were elevated in one classroom. The more obvious result was that the same classrooms that reported reduced IAQ factors also reported reduced symptoms. These results are presented in Tables 4-9 . 
Discussion
Up until the last few years, questionnaires that are used to investigate symptoms and illnesses in the school environment have usually been paper questionnaires, and more recently online questionnaire, and have been typically filled out by parents [49] . In addition, it takes approximately 15-30 min to fill out these questionnaires, and symptoms and illnesses are typically asked using a time frame from four weeks up to three or 12 months. The main difference of our online questionnaire is that it is short, and takes only a few minutes to fill out. In addition, the time period of symptoms and indoor air quality factors was only one hour. Thus, filling the questionnaire was not too burdensome, and participants were able to complete the questionnaire several times; teachers completed the questionnaire approximately seven times during the two-week period, whereas pupils completed it five times. However, the teachers' answers were usually from the same studied classroom, whereas the pupils changed their classroom during school days several times, and answered the questionnaire from different locations during the two-week periods.
One of the most significant strengths of this study was that a total of 7041 answers were obtained from 1373 occupants, so our dataset is large and enables inspection of the results from different perspectives. The same questions were asked to the same occupants several times, which is a new and different approach that provides a more detailed examination that is not possible when using the questionnaire with only one time point. In addition, the large measurement dataset along with questionnaire generates more perspectives for the analysis.
The most common problem when responding to the online questionnaire was technical problems with opening the link to the questionnaire, because of the network security system for using devices in the schools. Due to possible problems when using and filling out the online questionnaire, we also provided paper questionnaires, and the proportion of paper questionnaires varied between 5-40% of all answers. The disadvantage of the paper questionnaire was the longer response time and missing information, because in the online questionnaire, the questions could be made mandatory. Considering the analysis and final data, the most profitable solution is to make all of the questions mandatory, so there are a minimum number of possible missing cases. In such a short online questionnaire, the response time is low, and hence, the response rate is not reduced. However, despite the short questionnaire, pupils under the age of 13 had difficulties in filling out the online questionnaire within a short period of time. Recently, Lampi et al. [65] found that children between ages 9-12 could independently provide repeatable information about symptoms and IAQ. In our study, pupils that answered the online questionnaire were between 11-17 years old.
One limitation is also that the youngest pupils might not understand the questions or options correctly. In particular, "dry air" or "humid air" could be difficult to define, and they might have different perceptions, e.g., of dustiness [66] . Due to possible difficulties with understanding, the questionnaire was mainly directed to seventh to ninth-grade pupils. However, one school wanted to include a classroom with younger pupils. We also noticed that there were pupils (<3% of all) who did not take the questionnaires seriously, and we had to remove those responses from the data. However, the overall results showed that most of the pupils answered the questions correctly and reliably every time.
There is also evidence that psychosocial factors, such as school-related stress, poor teacher-student relationship, and difficulties in receiving help are associated with poor subjective IAQ [67] . In our study, such factors may have impacted the result. However, it is difficult to evaluate these impacts, because the short questionnaire did not address these questions. In addition, the awareness of the problem and the concern of their own situation or health may influence the answers and lead to bias [68] . This was possible in this study, especially because the teachers were aware of the IAQ problems in their school. In addition, the perceived health was better among teachers in the reference schools, but not significantly. This might illustrate the concern of the health or IAQ problems of the school. However, there were differences among the symptoms, not only between the problematic and reference schools, but also between the four problematic schools. Therefore, it might be relevant to assume that the results are reliable and the teachers were able to estimate the IAQ factors and symptoms without any significant influence of awareness. Nevertheless, teachers reported both symptoms and IAQ factors more than pupils, and these results were clearly visible in every school, especially in IAQ problem schools. In addition to psychosocial factors and awareness, the ability to identify a connection between the symptoms and the building might be difficult for both teachers and pupils [56] .
Furthermore, in the improvement of the questionnaire for future use, the question format should be considered carefully. In particular, the clarity of single questions is essential for underage respondents. For example, questions regarding the respondent's state of health and persistence of symptoms outside the school environment can be confusing when the questionnaire is intended for reporting current conditions several times per day. However, as shown in this study, the bias caused by sporadic misunderstandings is compensated, and the results are objective because a large number of response data were collected. However, further improvement is suggested in order to achieve the most reliable benefits from the questionnaire. We sent the online questionnaire in two ways to the occupants. One was through personal e-mail address, and other was the official school communication network program called "Wilma", where all of the teachers and pupils have personal IDs and access. The first way was quite laborious and time-consuming, since all of the e-mail addresses had to be individually sent through the platform, whereas through "Wilma", only one message was enough to reach all of the participants. However, we noticed that the personal e-mail was better considering the usability of the results, because with the e-mail address, we could assign the same ID number to the same respondent. When the questionnaire was sent through "Wilma", we could only give the study ID number if all of the names were exactly the same all of the time. Therefore, there were 769 answers from three schools, which could not identify with the study ID number. Consequently, we recommend that in the future when implementing such a study, personal e-mail addresses are a better way to send the online questionnaire.
In the Finnish winter, when the outdoor air is cold and dry, the indoor air is typically also very dry. The same trend was also revealed by our measurements. Furthermore, the mechanical ventilation system removes indoor air humidity efficiently, making extremely low relative humidity possible indoors, especially when the building is unoccupied and there is no excess moisture. The lowest measured value of relative humidity was 3.2%, and the lowest average during the two-week measurement period was 13.5%. Dry indoor air is known to cause adverse health effects [69] , and it is possible also in our study that dry air partly explains the prevalence of the symptoms. Although the prevalence of dry/sore throat, dry cough, and hoarseness was quite high in schools with dryer air, there were also as high or higher prevalence of those symptoms in other schools. Based on these results and the former literature, we can assume that dry air itself does not explain the symptoms, but the interactions of different factors play an important role [70] . The important consideration is also that "dry air" or "too humid air" might be a difficult concept for younger pupils [63] .
The temperature conditions are clearly different between the IAQ problem and reference schools. In reference schools, more than half of the studied classrooms had very high room temperature (S3 or >S3), while in the IAQ-problem schools, almost half of the classroom temperatures was in the S1 room temperature category. Similar differences between the room temperatures were also seen in the questionnaire data. However, even high air temperature is known to cause dissatisfaction with indoor air quality and may negatively affect health [69, 71, 72] ; in this study, occupants from IAQ problem schools reported more too cold air and symptoms. In addition, we noticed a relationship between the measured temperature and thermal comfort, whereas the measurements of CO 2 and relative humidity illustrated more inconsistency among reported stuffy air and dry/humid air. However, classrooms with the maximum values of CO 2 appear to have a higher prevalence of reported stuffy air. In addition, other environmental factors, such as exposure to pollutants as particulate matter (PM 2.5 and PM 10 ), volatile organic compounds (VOCs) and carbon dioxide (CO 2 ) are related to adverse health outcomes, such as the development of respiratory symptoms [1, 24, 28] .
The ventilation function plays a major role in a good indoor environment. In the studied schools, the ventilation systems were balanced according to the information provided by the building owner. In this study, the ventilation function was investigated based on simple measurements, which will be reported separately with the other measurements of indoor air parameters. In future studies, the comprehensive investigation of the ventilation function simultaneously with the distribution of the questionnaire will be essential.
In this study, the IAQ factors were clustered in one to two classrooms in many schools, but the symptoms were more divided between the classrooms in all of the schools. This might indicate that the impact of symptoms is more lasting, while the sensation of poor indoor air disappears after exiting the space. However, it is also possible that symptoms are more familiar as a term, and therefore more commonly reported. In addition, respiratory illnesses or allergic diseases generate different symptoms that typically continue throughout the day. Furthermore, symptoms such as headache and tiredness might be comprehensive and not necessarily linked to the IAQ of one place.
Conclusions
The online questionnaire developed in this study differs from commonly used questionnaires in IAQ studies. The differences with symptoms and IAQ factors between IAQ problem schools and the reference school were observed among both teachers and pupils; however, the prevalence reported by teachers was clearly higher. Our results also indicated that both measurement data and questionnaire data differed not only between schools, but also between classrooms inside the school rather widely. We can thus assume that the condition in schools and the symptom prevalence are not the same and stable between classrooms. Furthermore, occupants of the buildings are exposed to several environmental factors at the same time. Therefore, it is necessary to extend the questionnaire to all occupants of all sections in the whole building, so that a comprehensive view of all spaces is available. In addition, selected sections of interest (e.g., ventilation service area, type of flooring materials, etc.) can be investigated as individual units. The statistical and practical reliability of the results would be increased by improving the comprehensibility of the questionnaire. This type of questionnaire enables the collection of a large number of data, thus offering multiple possibilities to investigate relations between several personal, climatic, and building-related factors as well as interconnections with time and place over a specific period.
Such an approach might be a useful extra tool as a first step to try to screen and solve IAQ problems in public buildings, especially among adults; however, it requires that all occupants are involved in the study and the answering period is long enough. The information obtained from the results of the questionnaire combined with the systematic investigation of the indoor environment could be used the basis for a more detailed further investigation, as well as restorative measures.
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